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The domestic pig often seems to fulfil the requirements for an optimal model animal for medical research better than the small laboratory animals because of its morphological characteristics (Bustad & McClellan, 1966; Friedrich, 1971) . This is certainly applicable for the skin, which in both domestic pig and man is characterized by a sparse hair coat, a thick epidermis with a welldifferentiated lower limit, a dermis with a distinct papillary body, a high elastic-tissue content (Montagna & Yun, 1964; Marcarian & Calhoun, 1966) , and similarities in vascularization (Forbes, 1969) . The findings on the epidermis have been confirmed ultrastructurally by Karasek & Oehlert (1968 a, b) . As a result the skin of the domestic pig is increasingly being used for investigating dermatological problems, which includes basic research as well as investigations of clinical and pathological aspects.
Fundamental knowledge of skin metabolism has been obtained by work on the kinetics of epidermal proliferation.
For example, the epidermis of the domestic pig and the human epidermis have been found to be similar in tissue turnover time and the characterization of keratinous proteins (Weinstein, 1966) .
It is also of interest that wound healing in pigs develops essentially as described in man (Gillman & Ordman, 1966) and, from the pathological viewpoint, that skin defects found in the pig obviously resemble defects occurring in man (Parish & Done, 1962; Percy & Hulland, 1969) . Furthermore, the role of pig skin in radiation research should be emphasized, i.e. its use as an in-vivo system for the evaluation and comparison of the effects of different ionizing radiations and the extrapolation of these results to man. The response patterns to irradiations observed in the domestic pig skin are similar to those described for man (Archambeau, Fairchild & Commerford, 1966; Lippincott, Wilson & Montour, 1975) . For skin plastic surgery the domestic pig skin is not only of importance for basic studies (Patterson, 1968; Milton, 1969; Sawhney, Subbaraju & Chakravarti, 1969) , but also in practical use as donorsite cover (Chang, Gomez & Edelstein, 1973) .
Last but not least, the fact that short-term organ culture of foetal domestic pig skin is a feasible technique (Chang & Maibach, 1967) underlines the broadness of experimental utilization of pig skin.
In order to facilitate the use of the domestic pig as a model animal for experimental dermatology the morphological data on the pig's skin are supplemented in this paper with a representation of the distribution of enzymes in the skin.
MATERIALS AND METHODS
Skin samples were taken from the shoulder, back and buttocks from each of 5 domestic pigs (German Landrace, castrated male animals, 23-30 kg).
The following enzymes were demonstrated in 10 !lm unfixed and fixed frozen sections picked up on coverslips.
Oxidative enzymes: cytochrome oxidase (CCO) (Burstone, 1960) ; succinate dehydrogenase (SDH) (Nachlas, Tsou, Cheg & Seligman, 1957) ; malate dehydrogenase (MDH, NAD-linked), isocitrate dehydrogenase (ICDH, NADand NADP-linked), lactate dehydrogenase (LDH), and glucose-6-phosphate dehydrogenase (G-6-PDH) (methods by Pearse, 1972) ; NADH-and NADPHdiaphorases (NADH-and NADPH-tetrazolium reductases) (Scarpelli, Hess & Pearse, 1958) ; monoamine oxidase (MAO) (Glenner, Burtner & Brown, 1957) . Except for the demonstration of CCO, tetranitro-BT was used as tetrazolium salt.
Hydrolytic enzymes: nonspecific esterases (NE) (Davis & Ornstein, 1959; Holt & Withers, 1958) ; lipase (Tween-lipase) (LIP) after Gomori, modificated after George (Pearse, 1972) ; acetyl-(ACHE) and butyryl-(BuCHE) cholinesterases (Gomori, 1952; Koelle, 1955) ; alkaline phosphatase (ALKP) (Burstone, 1958) ; acid phosphatase (AP) (Barka & Anderson, 1962) ; arylsulphatase AS) (Goldfischer, 1965) ;~-glucuronidase (~-D-glucuronidase) (GLU) (Pugh & Walker, 1961; Wachtler & Pearse, 1966) leucyl aminopeptidase (LAP) (Nachlas, Monis, Rosenblatt & Seligman, 1960) , substrate: L-leucyl-4-methoxy--naphthylamide (SIGMA). Except for the demonstration of NE, AS, and LAP, naphthol-ASBI-compounds (SIGMA) were used as substrates. Besides the use of specific inhibitors (see Pearse, 1972) , control sections were treated in media lacking substrates.
RESULTS
The distribution and the activities in the skin of the pig of the oxidative and hydrolytic enzymes studied are given in the Tables. Other observations are described below. -3 2-3  2  2  3  3  2  2  2  matrix  3  2-3  2  2  3  3  2 In the epidermis alkaline phosphatase was concentrated mainly at the bases of the epidermal ridges. Occasionally, single epidermal free nerve endings were observed reacting strongly positive for ACHE. Differentiation of nonspecific esterases with E 600 (diethyl-p-nitrophenyl phosphate) revealed no E 600-resistant esterase activity (A-esterases, inhibition by 10-3 M E 600) in any of the epidermal layers.
Among the cell types in the corium the mast cells showed an exceptionally strong reaction when tested for alkaline phosphatase (Fig. 1b) . In the border a Fig. 1 . a. Acetylcholinesterase. Intense reaction in epidermis, especially in stratum spinosum and stratum intermedium; note negative reaction in stratum basale (SB) .
Line represents 20 11m. area between corium and subcutis the endothelium of the large blood vessels showed distinct enzyme activities. Among these was a weakly positive reaction for BuCHE. The network of capillaries surrounding the root of the hair reacted strongly positive for alkaline phosphatase (Fig. 2a) . The activities of the various enzymes in the hair follicle from sheath to follicular canal were similar to those in the epidermal layers. At the level of the sebaceous glands portions of a strongly staining nerve network were observed near the follicles during the test for ACHE (Fig. 2b) . The reaction products from the enzyme determinations lined up like a string of pearls around the lipid vacuoles of the transforming and differentiated cells of the central parts of the sebaceous glands. Alkaline phosphatase could not be demonstrated in the endothelium of the capillaries surrounding these glands.
In the taller secretory cells of the apocrine glands the reaction products were concentrated especially in the supranuclear area. During tests for the nonspecific esterases occasional single weakly or negatively reacting secretory cells were observed (Fig. 3b) . After inhibition with E 600 a distinct activity of the A-esterases (inhibition by 10-3 M E 600) along with that of the B- esterases (inhibition by 10-8 M E 600) could be demonstrated in the secretory tubules of those glands.
There were no regional differences in the intensity of the test reactions for the enzymes investigated.
DISCUSSION
Contrary to man and small laboratory animals, there have been no extensive enzyme histochemical investigations on the skin of the domestic pig. Because of the significance of the domestic pig as a model animal for human dermatological research, our results will be discussed together with the corresponding data for man.
The most important oxidative and hydrolytic enzymes react especially strongly in those areas of the pig's skin in which an intensive synthesis, breakdown and transformation of various macromolecular structures such as proteins, lipids, and mucopolysaccharide complexes is occurring together with high energy consumption. This applies particularly to the keratinization processes in the epidermis, the formation of glandular secretions in the tubuli of the apocrine glands and the continual differentiation of the cells of the sebaceous glands. These results correspond largely to those obtained in humans (Montagna & Ellis, 1962; Braun-Falco & Rupee, 1968; Brody, 1968; Strauss & Pochi, 1968; Stiittgen & Schafer, 1974) .
A quite weak MAO-reaction in the skin of the pig is in striking contrast to the reaction in man (see also Montagna & Yun, 1964; Jenkinson & Blackburn, 1967) . It remains to be shown whether the skin of man and pig differs in metabolic intensity in this way (MAO inactivating adrenalin).
In considering the role of porcine skin for the evaluation of findings resulting from experimental physical or chemical damage, our observations on the cells of the corium could be of interest. These cells, especially the mast cells, react strongly positive for the most important enzymes investigated. This emphasizes the intensive metabolic processes of the corium, which are often related to reactions to skin damage. This is especially true of the mast-cell system (Stiittgen, 1965) , which in the pig is marked by rapid reaction and high stress sensitivity (Rang, 1973) .
Mention must also be made of the fact that the process of shedding and regrowth of hair has not yet been explained for the domestic pig (Westendorf, 1974) . These processes should be considered for every animal used in dermatological experiments, as they may have considerable effect on skin function at a particular time (Bosse, 1966 (Bosse, , 1967 .
The enzyme pattern of the skin of the domestic pig as revealed by enzyme histochemical investigations shows in its entirety, i.e. in the distribution as well as in the activities of the enzymes investigated, similarities to the corresponding results for man. This is especially true of the epidermis, but should be assumed only conditionally for the accessories of the skin-particularly the sebaceous and the apocrine glands-as here there are clear physiological as well as morphological peculiarities in the domestic pig. Thus, on the one hand, our results support the view that the skin of the domestic pig may be used as a possible biological model for the human skin. On the other hand, following Montagna & Yun (1964) , it would be wise to keep in mind the dissimilarities in detail and, if necessary, modify the interpretation of experimental data accordingly.
The view of Schaaf (1969) that extrapolating interpretations from dermatological experiments with animals may only be done with the greatest caution is thus also applicable to the domestic pig, which may even react to skin damage more sensitively than man.
